Acid phosphatase, esterases, and glutamate and malate dehydrogenases of 192 strains of Yersinia enterocolitica, Y. intermedia, Y . aldovae, Y . frederiksenii, Y . kristensenii and Y . pseudotuberculosis were analysed by horizontal polyacrylamide agarose gel electrophoresis and by isoelectrofocusing in thin-layer polyacrylamide gels. The six species were clearly separated from each other by their distinct enzyme electrophoretic polymorphism. For Y . enterocolitica, the strains of biotype 5 were differentiated from the other biotypes by the mobility of glutamate dehydrogenase. For Y. frederiksenii, six zymotypes were delineated by PI and by the mobility of the enzymes. Variation in number or mobility of esterases within each species could represent a marker for epidemiological and ecological analyses. A linear relationship was obtained between the mean genetic diversity coefficient of enzymes and the mean percentage DNA-DNA relatedness of Y . intermedia, Y . aldovae, Y. enterocolitica and Y. frederiksenii.
METHODS
Bacterial strains. The test strains were the 53 strains of Y. enterocolitica and the 30 strains of Y. pseudotuberculosis previously analysed for their esterase patterns (Goullet & Picard, 1984a) together with 109 new strains listed in Table 1 . Bacteria were grown in Fernbach flasks containing 500 ml L broth (Lennox, 1955) . Flasks were shaken vigorously at 28 "C for 18 h.
Electrophoresis. Protein extracts were prepared and analysed as described previously (Goullet & Picard, 1984a , 1985a . Electrophoretic mobility (MF value), isoelectrofocusing (IEF), esterase staining and the determination of correspondence between the two electrophoretic techniques were estimated using published procedures (Goullet & Picard, 1984a , 1985a . Enzyme tests and substrates. For esterases, the substrates used were a-and P-naphthyl acetates, a-and P-naphthyl butyrates and indoxyl acetate. Inhibition by di-isopropyl fluorophosphate (DFP) was estimated as previously described (Goullet, 1980) . GDH activity was detected by the method of Baptist et al. (1969) , MDH activity by the method of Siciliano & Shaw (1976) and AP activity according to Uriel (1963) .
RESULTS

Characterization of enzyme bands
Polyucrylamide agarose gel electrophoresis. MDH and GDH each gave a single, well-stained band whereas AP was not detected. Nine principal kinds of esterase bands were defined by their activities toward synthetic substrates and their sensitivity or resistance to DFP. Six of these (E, , E2, E6, E7 , E,, and E ,J were similar to the corresponding bands of Y. enterocolitica (Goullet & Picard, 1984a IEF. Satisfactory resolution with distinct banding was obtained for MDH and AP. The latter enzyme could not be detected in Y . pseudotuberculosis. GDH was not detected. MDH gave a well-stained major band (used for PI determination) and two or three anodic satellite bands when a narrow pH range from 4 to 6.5 was used. AP gave a major band when a narrow pH range from 8 to 10-5 was used. For esterases, the best results were obtained with P-naphthyl acetate as substrate. Only four esterases (bands E l , EB.4, E,, and E,) were detected using two narrow pH gradients (4 to 6.5 and 5 to 8). The four enzymes gave sharp, faintly stained bands which were used for PI determination.
Range of p I and mobilities qf enzyme bands among the strains
The electrophoretic relationships between the strains were established by numerous replicate runs comparing enzyme bands side by side on the same gel. The reproducibility of the results was confirmed as described by Picard & Goullet (1985) .
Y . enterocolitica. (Tables 2 and 3. ) MDH had the same PI and mobility values in all strains. GDH had an identical MF value in strains of biotypes 1 to 4 but a distinct value in biotype 5 . Table 2 
. PI and M F values of enzyme bands in Y. enterocolitica and Y. pseudotuberculosis
The 53 strains of Y. enterocolitica and the 30 strains of Y. pseudotuberculosis were those previously analysed for their esterase patterns (Goullet & Picard, 1984a MDH and GDH were monomorphic in all strains. AP focused at pH 9.75 except for strains 6 and 22 where it focused at pH 8.8 and pH 9.8, respectively. Esterases E l , E,, and EB.4 were detected in all strains. Bands E2 and E,, were detected in the majority of strains and band E7 was detected in only seven strains. Esterase E2 showed two bands. Band B2 was replaced by band Eab in strain 22. Esterases El and E7 showed one type of mobility, esterases E2 and E,, showed two types and esterases EBA and E,, showed three types of mobility. Strain 1 had an additional band at MF z 76 for esterase EBA. The PI of esterases ED, and EBA were respectively 5.35 and 6.4 for all strains.
Y. aldovae. (Table 5 . ) MDH and GDH were monomorphic in all strains whereas AP was polymorphic with four distinct PI values ranging from 9.1 to 9.7. Esterase bands El and ED, were detected in all strains (except esterase E,, for strain 1 ) . Esterase El had a PI value of 5 but showed four types of mobility. Most strains (22) had esterase El at MF z 82. In strain 24, band E,, was replaced by esterase Eab. Esterase ED, had the same mobility in strains 2 to 25 but showed several PI values ranging from 6.1 to 6.35. Strain 2 possessed an additional band at M F z 26. In strain 26 the mobility of EPP was MF z 65 and the PI was 5-7. Band E6 was observed in strains 16 to 25 and band E, in strains 1 to 15. Strain 1 showed two bands for esterase E,. 9.5 9-35 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9-7 9.5 9.7 9.5 9.5 9. MF z 16, respectively) . Moreover, strains of zymotype 5 showed esterase E,, at MF z 80 and band E7 at pl 5.9 and MF 2 42 and produced three additional esterases (MF x 67, 64 and 53) , which hydrolysed a-naphthyl, /I-naphthyl and indoxyl acetates, respectively. The first two were faint and sensitive to DFP and the third was resistant to DFP. Strains of zymotype 6 did not show esterases E,, and E7 but produced an additional esterase designated as band EAB which hydrolysed the five substrates, was sensitive to DFP and migrated at M , z 64. Y. kristensenii. (Table 7 .) MDH which had the same PI value for all strains, had two mobility values. GDH and AP were polymorphic with three mobility values and four PI values, respectively. Esterase bands may be divided according to their mobilities. The slow moving esterases corresponded to band E7 or E6 which migrated at MF x 16 or MF x -5, respectively and were detected in all strains. In strains 1 to 6, the fast moving bands consisted of esterases E l , E,, and Ez, and an esterase designated band EB ; this esterase hydrolysed butyryl ester and to a lesser degree the other substrates, was resistant to DFP and migrated at MF z 60. These fast bands all showed identical mobilities in the six strains. In the other strains (7 to 21) the fast bands varied considerably in number and in the type of esterase activity. Some bands were unambiguously identified as esterases El and E,,, whereas atypical bands, designated as E;,, E;, and E;, differed from esterases E,,, E,, and EZ, respectively, in their hydrolysing properties and/or their sensitivity to DFP (results not shown). Additionally, an esterase band similar to IP: 54.70.40.11
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DISCUSSION
Polyacrylamide agarose gel electrophoresis and IEF were complementary for the detection of GDH and AP activities. Only AP, MDH and esterases E l , EAB, E,, and E, were resolved by IEF. The lower resolving power of IEF for detecting enzyme activity, which had previously been observed for some esterases and other enzymes (Goullet & Picard, 1985b Picard & Goullet, 1985) , may be caused by interaction between carrier ampholytes and proteins or by denaturation of these enzymes at acidic PI values. Thus, titration curves of GDH (Picard et al., 1987) demonstrated the pH sensitivity of this enzyme at its isoelectric point, as has been previously observed for other bacterial species. The fact that AP was not resolved in polyacrylamide agarose gel electrophoresis at pH 8.6 could be explained by its alkaline PI values (from 8.4 to 9.75). The two electrophoretic procedures were complementary in their resolution of enzyme polymorphism. Thus, the number of MDH variants detected by polyacrylamide agarose gel electrophoresis, IEF and a combination of the two techniques was three, five and seven, respectively. Twelve distinct esterase bands were resolved in cellular extracts of Y. intermedia, Y. aldouae, Y. frederiksenii and Y. kristensenii. Six esterase bands were similar to those of Y. enterocolitica (Goullet & Picard, 1984a . enterocolitica, Y. intermedia, Y. aldouae, Y. frederiksenii, Y. kristensenii and Y. pseudotuberculosis may be characterized by the distinctive distribution of the electrophoretic bands of AP, MDH, GDH and esterases. These enzyme data appeared to be sufficient to identify to species level 192 recent isolates. Analysis of primary gene products therefore strongly supports the phenotypic characterization of the six species based on conventional biochemical tests (Bercovier & Mollaret, 1984; . The limited number of electrophoretic types characterized by AP, MDH and GDH within each species (Table 8) suggests that electrophoretic analysis of these enzymes can be used as a preliminary screening for species identification. Biochemical tests, 0 antigen determination, antibiotic and bacteriophage susceptibilities have been proposed for epidemiological or ecological analyses (Bercovier et al., 1978; Baker & Farmer, 1982) . However, the higher degree of electrophoretic polymorphism of esterases allows more precise identification of strains. Similar results have been obtained for Escherichia coti (Goullet & Picard, 1984b) , Aeromonas hydrophila (Picard & Goullet, 1985) and Enterobacter sakazakii (Goullet & Picard, 1986) . The separation of zymotypes A and B of Y. enterocolitica (Goullet & Picard, 1984a) was confirmed by differences in the PI values of their APs whereas biotypes 4 and 5 (unresolved by esterase mobility) were differentiated by GDH mobility. Strains of Y. kristensenii, which in some cases were hardly distinguishable by esterase electrophoretic patterns because of considerable variation in the number and kind of bands, were clearly characterized by the PI of their MDH and also by a combination of the mobility of GDH and the PI value of AP. Identification of the six zymotypes of Y. frederiksenii by MDH, GDH and AP patterns was substantiated by esterase patterns. Strains of zymotypes F5 and F6 appeared to be dramatically different from each other and from other strains of Y . frederiksenii. These considerable molecular divergences suggest that the strains corresponding to these zymotypes are genetically very different from other Y. frederiksenii strains. This requires further studies including DNA-DNA hybridization. The strains of Y. intermedia (rhamnose, melibiose and or-methyl-D-glycoside positive) (Brenner et al., 19806) and Y. aldovae (rhamnose positive, sucrose, cellobiose and sorbose negative) (Bercovier et al., 1984) , which are most biochemically distinct from Y. enterocolitica, appeared to have the most homogeneous enzyme electrophoretic patterns. In the species which are less biochemically distinct from Y. enterocolitica, i.e. Y . frederiksenii (rhamnose positive) (Ursing et al., 1980) and Y . kristensenii (Voges-Proskauer and sucrose negative) (Bercovier et ai., 1980) , the strains appeared to be heterogeneous in their electrophoretic pattern.
The mean genetic diversity coefficient of enzymes (Nei, 1978; Selander et al., 1986 ) calculated from the electrophoretic data for MDH, GDH, AP and for esterase E l , esterase E,, and esterases E6 and E7 increased from Y. intermedia (0.221) to Y . aldovae (0~351)~ Y. enterocolitica (0.392) and Y. frederiksenii (0.494). Good correlation between enzyme polymorphism and DNA heterogeneity for the four species was demonstrated by the existence of a linear relationship between the mean genetic diversity coefficient of the six enzymes and the average percentage DNA-DNA relatedness obtained by Brenner et a!. (1980~) and Bercovier et al. (1984) (Fig. 1) . 
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